"This moment of peril must be turned to one of progress, " President Barack Obama said as he signed on January 26, 2009 his first two Presidential Memoranda aimed at putting the U.S. on the path to energy independence. The President further said that, the U.S. must "reverse our dependence on foreign oil, while building a new energy economy that will create millions of jobs. " This type of employment has become known colloquially as "green jobs. " Presented in this report are benchmarks that allow assessment of, first, current Pennsylvania worker assets in green occupations and, then, any progress that is made as returns are realized from green economic investments in Pennsylvania. In particular, this report contains the following information:
Could the Pennsylvania economy become greener soon? • Prospects are considered for the "greening" of the Pennsylvania economy.
What makes jobs green? •
Problems are reviewed that are encountered when defining "green jobs. " Definition of green jobs by the Center for American Progress.
• Representative "green occupations" are listed which were made prominent by the nonprofit Center for American Progress.
Employment benchmarks for green occupations.
• Pennsylvania employment in 2005 and 2008 is tabulated for representative green occupations identified by the nonprofit Center for American Progress for six green economic investments, along with the top ten Pennsylvania industries that employ workers in these representative green occupations.
Availability of regional benchmarks for Pennsylvania •
. A link to a web site is furnished at which reports can be ordered from the Penn State Workforce Education and Development Initiative to benchmark green jobs data for almost any geographic area in Pennsylvania. 
Purpose of Benchmarking Employment in Green Occupations
"This moment of peril must be turned to one of progress, " President Barack Obama said as he signed on January 26, 2009 his first two Presidential Memoranda aimed at putting the U.S. on the path to energy independence (The White House, 2009, ¶1) . The President further said that,
Over the last few days we've learned that Microsoft, Intel, United Airlines, Home Depot, Sprint Nextel, and Caterpillar are each cutting thousands of jobs. These are not just numbers on a page. As with the millions of jobs lost in 2008, these are working men and women whose families have been disrupted and whose dreams have been put on hold. (The White House, 2009, ¶8) We owe it to each of them and to every, single American to act with a sense of urgency and common purpose. We can't afford distractions and we cannot afford delays. And that is why I look forward to signing an American Recovery and Reinvestment Plan that will put millions of Americans to work and lay the foundation for stable growth that our economy needs and that our people demand. (The White House, 2009, ¶9) At a time of such great challenge for America, no single issue is as fundamental to our future as energy....Embedded in American soil and the wind and the sun, we have the resources to change.... It will be the policy of my administration to reverse our dependence on foreign oil, while building a new energy economy that will create millions of jobs. (The White House, 2009, ¶10, 12, 13) How will we gauge progress we will make as we "reverse our dependence on foreign oil, while building a new energy economy that will create millions of jobs"? From where do we start? And, how will these broad national hopes and plans affect Pennsylvania? Civil engineers and surveyors create a permanently affixed mark-a benchmark-that establishes the exact elevation of a place, often as a starting point for work that follows. In a like manner, in this report we establish simple benchmarks for Pennsylvania employment in the new energy economy. This type of employment has become known colloquially as "green jobs. " The benchmarks established in this report allow Pennsylvania to assess, first, current Pennsylvania worker assets in green occupations and, then, any progress that is made as returns are realized from green economic investments in Pennsylvania.
The remainder of this report is organized into five major sections: (Pollin, Garrett-Peltier, Heintz, & Scharber, 2008) . John Podesta, President and Chief Executive Officer of the Center for American Progress, was the co-chairman of the Obama-Biden Transition Project (The Office of the President-Elect, 2009). Citing the significant number of its staff and former staff that have been appointed to positions in the Obama Administration, Time magazine declared in late 2008 that there was "no group in Washington with more influence at this moment in history" (Scherer, 2008) .
The national green economic spending strategies proposed by the Political Economy Research Institute and the Center for American Progress (Pollin, Garrett-Peltier, Heintz, & Scharber, n.d., p. 2) include investments totalling $100 billion, with an anticipated 2 million new jobs created and a reduction in the unemployment rate of 1.3% after two years. Pennsylvania's portion of the national green recovery program-the Commonwealth's pro rata share of the national amount based on Pennsylvania's population and gross regional product-would be $4 billion, which is forecasted to create 86,385 net new jobs and reduce the state's unemployment rate by 1.3% over two years (Pollin, Heintz, & Scharber, n.d., p.2) . The Green Recovery study described "six key infrastructure investment strategies for our short-term green economic recovery program-retrofitting buildings, expanding mass transit and freight rail, constructing smart energy grids, and expanding production of wind power, solar power, and next-generation biofuels" (Pollin, Garrett-Peltier, Heintz, & Scharber, 2008, p.5) . The Political Economy Research Institute and the Center for American Progress suggest that Pennsylvania's $4 billion share of national green public-and private-sector economic investments could be distributed in the following manner:
Energy efficient building retrofits-$1.6 billion; • Mass transit and freight rail-$800 million; • Smart grids-$400 million; and • Wind power, solar power, and advanced biofuels-$1.2 billion. • Of course, the level and types of funds actually to be distributed to Pennsylvania remain unknown because priorities and allocations for funds will result from legislative and political processes. Yet, as asserted in a report by Economic Modeling Specialists, Inc. (2008), "There is no question that there will be policy (and money) directed at these areas" (p. 2). The Economic Modeling Specialists, Inc. (2008) report further suggests that prerequisite to effective and efficient implementations of green economic investments are "(1) data on the specific regional economy, (2) data on the direct spending of the various investments, and (3) a careful distinction and estimation of short-term, (i.e., construction phase impacts), from the longer-term impacts associated with the investments in place" (p. 2).
What Makes Jobs Green?
Jobs used to come in two collar colors: white and blue. Now, there are green collar jobs. Adding this new collar color is making job identification and counting difficult.
In order to measure something, it is a good idea to know what it is. So, just what is a green job anyway? The quick answer: nobody really knows. A longer, more considered answer would advance public policy in these nascent days of the Obama presidency.
The stakes are high, indeed, for defining green jobs. Many in the U.S. are banking on recapturing our leadership and innovation, stabilizing our economy and making up for lost manufacturing jobs through evolution of an alternative energy economy. These hopes are embedded in the various prospectuses for economic revitalization and energy policy floated by the Obama administration before and after the new President's inauguration.
The cold, sober truth is that the tooth fairy does not slide jobs under our pillows. A fundamental fact of economic life is that lasting, sustainable jobs exist because people produce goods and services that are sold in the market. Green jobs would evolve, in part, only because they are required in green businesses to produce those goods and services.
According to a 2008 report, State of Green Business (Makeower, 2008) , no common, accepted definition of green business exists. As a result, the number of green businesses, their sales, or their employment are not known unambiguously and definitively. Are businesses that produce environmentally preferable products or services classified as green? Or, are any businesses that employ environmentally-friendly practices, such as dry cleaners or print shops, considered green?
Not surprisingly, identifying green jobs is just as problematic as defining green businesses. For example, Pinderhughes (2004) asserted that green jobs are blue collar jobs in green businesses-that is, manual labor jobs in businesses whose products and services directly improve environmental quality. Among the types of green jobs Pinderhughes identified were: recycling and reuse; hazardous materials clean-up; building retrofits to increase energy efficiency and conservation; housing deconstruction; solar installation; urban agriculture; and manufacturing of items related to the green economy (e.g., solar panels).
In a late 2008 interview, Phil Angelides, chair of Apollo Alliance, a coalition of industry, labor, and environmental groups, described a green collar job as one that pays "decent wages and benefits that can support a family. It has to be part of a real career path, with upward mobility. And it needs to reduce waste and pollution and benefit the environment" (The Huffington Post, 2008, ¶2) . According to this definition, temporary jobs and sweatshop jobs do not qualify as green collar jobs.
Carl Pope, executive director of the Sierra Club, said that "A green job has to do something useful for people, and it has to be helpful to, or at least not damaging to, the environment" (Greenhouse, 2008, ¶7) . In The Green Collar Economy: How One Solution Can Fix Our Two Biggest Problems, Jones defined green collar jobs as "good local jobs that pay well, strengthen communities, provide pathways out of poverty, and help solve our environmental problems" (cited by Jervey, 2008, ¶9) . Jones noted that many of these jobs are place-based: for Pennsylvanians this means that installing a solar panel on a building in, say, Altoona or Williamsport must be done on site and cannot be outsourced to another country.
As inspiring as these definitions might sound, they are too vague and indistinct to guide measurement and projection of green jobs and to evaluate potential investments leading to new job growth in an alternative energy economy. As questioned in the 2008 State of Green Business report (Makeower, 2008) , does a procurement manager, whose job entails implementing a company's environmentally preferable procurement mandate, count as a green job? What about the loading dock laborer who recycles all packaging materials? Separating the sheep from the goats, the wheat from the chaff, seems impossible.
With such an indefinite handle on the definition of green jobs, it is, again, not surprising that estimates of the number and kinds of green jobs vary remarkably in practice. For instance, on one extreme, a report commissioned by the American Solar Energy Society indicated that the nation had 8.5 million jobs in renewable energy or energy efficient industries (Lurie, 2007) . On the other end of the continuum, a report for the U.S. Conference of Mayors estimated that, as of 2006, there were approximately 750,000 green jobs in the U.S. economy (Global Insight, 2008) .
Defining and identifying green jobs in a defensible manner has practical use. A close, skeptical examination of hopes and proposals for green jobs is required to avoid being handed a humbug-a hoax, gibberish, a fraud-in the name of job creation. Data-driven decisions about policies and legislation for linking energy and jobs are needed desperately at this point to take us out of the policy environment in which nearly every job seems to be identified as "green" and every interest group seems to define green jobs within their interests (Greenhouse, 2008) .
Remember the Emerald City in the Wizard of Oz? Emerald City is the fictional capital city of the Land of Oz, sitting at the end of the famous Yellow Brick Road, which starts in Munchkin Land. Everyone entering Emerald City must wear green-tinted eyeglasses to protect their eyes from the "brightness and glory" of the city (the official interpretation), but the result is that everything in the Emerald City appears to be some shade of green. This was yet another humbug created by the Wizard to confuse and fool. Careful thought, deliberation, and analysis is required not to be fooled by the many green job humbugs being offered.
To be fair, though, definitions of green jobs still are in the process of being fomented by policy-makers and analysts. The notion of green jobs has become prominent in the public's attention only recently. At this stage, debate is necessary and inevitable about the intensional definition 1 of the term, green job, at this stage. However, investments meant to affect green jobs are likely to progress quickly no matter whether a consensus definition of green jobs is accepted eventually.
Green Jobs Defined by the Center for American Progress
Shown in Table 1 are occupations that the Political Economy Research Institute and the Center for American Progress consider to be "representative occupations that will be needed to advance investments in each of these areas" (Pollin, Garrett-Peltier, Heintz, & Scharber, 2008, p.5) . More occupations than merely the representative occupations listed in Table 1 for each investment strategy are stimulated by the infrastructure investment strategies envisioned by the Political Economy Research Institute and the Center for American Progress. Pollin et al. (2008) 
indicate that
In addition, all of these green energy investment strategies engage a normal range of service and support activities-including accountants, lawyers, office clerks, human resource managers, cashiers, and retail sales people. We have not listed these and other related occupations [in Table 1 ]…because these jobs are not directly linked to any of our six green investment strategies. But new employment opportunities will certainly also open up in these areas as a result of the green recovery program. (p.5) Tracking the sentinel occupations listed in Table 1 will help Pennsylvanians keep track of progress made in creating and maintaining green jobs as a result of green economic investments. Source: Adapted from Green Recovery (Pollin, Garrett-Peltier, Heintz, & Scharber, 2008, p.6) . (Pollin, Garrett-Peltier, Heintz, & Scharber, 2008, p.6) Investments in retrofitting buildings could produce significant gains and savings for Pennsylvania. In 2006, U.S. buildings accounted for 35% of the nation's greenhouse gas emissions, more than the transportation sector (Energy Information Administration, 2007) . Buildings consume 70% of the electricity load in the U.S. (U.S. Green Building Council, 2007). The bulk of the problem lies with existing buildings, which outnumber new buildings by more than 100 to 1 (Deloitte & Lockwood, 2008) . A number of Pennsylvania initiatives are focused on building renovations and retrofits (Governor's Green Government Council, 2006) . A Google search of the phrase, "Pennsylvania building retrofitting" is available at: http:// PA-retrofitting.notlong.com. Table 2 are characteristics of 2005-2008 employment in representative Pennsylvania green occupations that could be involved with retrofitting buildings. Table 2 and subsequent similar tables provided in this report contain the following information elements:
Employment Benchmarks for Green Occupations
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• SOC Code-Standard occupational classification of the representative occupation. Title • -Brief title assigned to the SOC code.
• -Full and part-time jobs held by nearly all types of workers: payroll workers (who have unemployment insurance), farm workers, railroad workers, military workers, and sole proprietors. New + replacement jobs • -New jobs created by growth and change in the economy. At times, there are no new jobs, but, rather, job turnover occurs. Replacement jobs are job openings (over a given timeframe) expected in an occupation as the result of turnover-e.g., employees changing occupations, retiring, or otherwise leaving the occupation. The number and percentage of replacement jobs are derived by multiplying estimated annual turnover by the number of years in the given timeframe. 2007 median hourly earnings • -Hourly earnings, excluding benefits, of the typical worker in an occupation. Typical education or training required-The typical education or training requirements of each • occupation, from "Short-term on-the-job training" to "Post-graduate or professional degree. " Table 3 are 2005-2008 counts of workers in the ten Pennsylvania industries employing the largest number of workers in the green occupations listed in Table 2 . (Pollin, Garrett-Peltier, Heintz, & Scharber, 2008, pp.7-8) Improved mass transit and freight rail services could yield energy savings for Pennsylvania. According to the Christian Science Monitor (Francis, 2008) , High gas prices are prying record numbers of Americans from their cars and onto buses, subways, and commuter trains. That has many pluses: It eases pocketbook expenses, road congestion, and pollution. But it's also straining providers of mass transit-a signal for needed change. ( ¶1)
Contained in
Freight rail is fuel-efficient and generates less air pollution per ton-mile than trucking and also is a preferred mode for hazardous materials shipments because of its positive safety record (AASHTO Freight Transportation, 2004, p.2) . A Google search of the phrase, "mass transit/freight rail investments in Pennsylvania, " is available at: http://PA-masstransitfreightrail.notlong.com. Table 4 
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Penn State Workforce Education and Development Initiative
Contained in Table 5 are 2005-2008 counts of workers in the ten Pennsylvania industries employing the largest number of workers in the green occupations listed in Table 4 . (Pollin, Garrett-Peltier, Heintz, & Scharber, 2008, p.8) Smart grids deliver electricity from suppliers to consumers using digital technology to save energy and cost. President Barack Obama asked the U.S. Congress "to act without delay" to pass legislation that included building a new electricity smart grid (see Steitz & Jensen, 2009 , for analysis). One estimate (Kannberg, et al., 2003) indicated modernization of U.S. grids with smart grid capabilities would save between 46 and 117 billion dollars through 2023. A Google search of the phrase, "Pennsylvania smart grids, " is available at: http://PA-SmartGrid.notlong. com. Table 6 are characteristics of 2005-2008 employment in representative Pennsylvania green occupations that could be involved with smart grids. Contained in Table 7 are 2005-2008 counts of workers in the ten Pennsylvania industries employing the largest number of workers in the green occupations listed in Table 6 . (Pollin, Garrett-Peltier, Heintz, & Scharber, 2008, p.8) 
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Wind Power
Wind energy is a viable energy source for Pennsylvania. Wind energy can be transformed into electricity using wind turbines. A recent survey by the Global Wind Energy Council found that Global wind energy capacity surged by 28.8 percent in 2008, as the United States became the world's leading market.... The United States accounted for 8.35 gigawatts of the new total capacity, increasing its capacity by 50 percent, to overtake Germany as number one in wind power, with a total of 25.1 gigawatts compared to 23.9 gigawatts. (AFP, 2009) According to the American Wind Energy Association (2009), as of 31 December 2008, 12 wind energy projects were operating in Pennsylvania, with power capacity of 361 megawatts (16th among U.S.) within 5,120 megawatts of potential capacity for the entire Commonwealth (22nd among U.S.). At the end of 2008, an additional three wind projects were under construction in Pennsylvania, which would add another 235 megawatts of capacity. Taken together, wind projects that exist or are in development tap roughly 12% of Pennsylvania's potential wind energy capacity. A kick start through government purchasing, adoption, and investment could help Pennsylvania move toward realizing its potential for energy generation through wind. The Pennsylvania Department of Environmental Protection (2009) reported that, "At the end of 2008, financing for wind projects and orders for turbine components slowed to a trickle and layoffs began to hit the wind industry" ( ¶2). American Wind Energy Association CEO, Denise Boyd, said that, "The hope is that provisions such as those included in the House stimulus bill to restore the effectiveness of the tax incentives for renewable energy will quickly become law and provide the capital needed to continue to build projects.... Because wind projects can be built quickly, positive legislation from Congress will have immediate and visible effects" (Pennsylvania Department of Environmental Protection, 2009, ¶12). A Google search for the phrase, "wind power Pennsylvania, " is available at: http://PAWindPower.notlong.com. Table 8 Contained in Table 9 are 2005-2008 counts of workers in the ten Pennsylvania industries employing the largest number of workers in the green occupations listed in Table 8 . Table 11 are 2005-2008 counts of workers in the ten Pennsylvania industries employing the largest number of workers in the green occupations listed in Table 10 . 
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Advanced Biofuels
Biofuel is defined as "solid, liquid or gaseous fuel derived from relatively recently dead biological material and is distinguished from fossil fuels, which are derived from long dead biological material" ("Biofuel, " 2009, ¶1) . Recently dead biological materials also are called biomass. First generation biofuels are produced by fermenting plant-derived sugars from crops such as sugar cane, corn, wheat, or sugar beets. Such first generation sources usually are food crops, so their use for fuel competes with their use for food. Second and third generation biofuels, sometimes called advanced biofuels ("Second generation biofuels, " 2009) because they are derived from non-food parts of crops such as stems, leaves, and husks, from non-food crops such as switch grass, or from industry waste such as wood chips, skins, and fruit pulp. Commercialization of many second and third generation biofuels is still in its infancy. Of the many conceivable biofuels, fuels from lignocellulose biomass seem to be the most attractive because they allow for a higher fuel yield per acre, have better projected economics, require less additional energy for growth and harvest to create feedstock, and can be grown under many different circumstances in contrast to annual crops that require good-quality land (Hamelinck & Faaij, 2006) .
Sound policies and investments in biofuels are needed in Pennsylvania. The Commonwealth's initial, enthusiastic embrace of ethanol production as a triumphant economic development strategy probably was hasty. The typical food crop-based ethanol plant provides the enticing benefits of a manufacturing plant with 35 to 40 jobs, but several characteristics and uncertainties of the industry merit a careful look when making local economic development decisions (Low & Isherman, 2009 ). Inputs to first generation ethanol production are energyand water-intensive. Proximity to food crops that are inputs to production is necessary to avoid high transportation costs. Likewise, economic use of secondary products from ethanol production, such as distilled grains for animal feed, requires proximity to markets, such as feedlots. Price volatility in markets for substitutes for first generation ethanol (e.g., gasoline) injects risk into the profitability of ethanol production. All of this adds up to the need for green economic investments to produce and commercialize advanced, rather than first generation, biofuels to transform the Pennsylvania economy sufficiently to spur job and economic growth.
A Google search with the phrase, "Pennsylvania advanced biofuel, " is available at: http://PAAdvBiofuel.notlong.com. Table 12 are characteristics of 2005-2008 employment in representative Pennsylvania green occupations that could be involved with wind power. Contained in Table 13 are 2005-2008 counts of workers in the ten Pennsylvania industries employing the largest number of workers in the green occupations listed in Table 12 . 
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Availability of Regional Benchmarks for Pennsylvania
The Penn State Workforce Education & Development Initiative can produce reports that benchmark employment in representative green occupations in regions of Pennsylvania. For instance reports can be prepared for single or contiguous counties and Workforce Investment Areas in Pennsylvania shown in Figure 1 . Or, reports can be tailored to match specific geographic regions of Pennsylvania that can be circumscribed by ZIP codes. 
Integrity & Independence in the Conduct & Reporting of Research
The Penn State WED Initiative often conducts research analysis about topics and issues that, at times, are the focus of vigorous debate and public attention and that frequently are associated with diverse stakeholders who represent divergent opinions. The Initiative adds value to this debate, attention, and discussion by conducting and reporting research and analysis about economic and workforce development using the most objective approaches possible. The research and analysis of the WED Initiative are pursued independent of the commercial or political interests of any actual or potential sponsor of WED Initiative work.
